are of importance in atmospheric chemistry [Brasseur and Solomon, 1986] as well as in attempts to determine the relationship between electronic structure and reactivity [Howard and Smith, 1983] . Understanding these processes, however, has been hindered by the large uncertainty in the measured rate constants; despite numerous studies of these reactions the kinetics are poorly defined. Reaction (R1) is the dominant removal mechanism for odd nitrogen in the upper stratosphere and mesosphere. It is this reaction that prevents the upper atmosphere from being a. significant source of NOy for the stratosphere. Because the atmospheric source of nitrogen atoms is the photolysis of NO, (R1) has been dubbed "cannibalistic" as it results in the loss of two odd nitrogen molecules [Brasseur and Solomon, 1986] . Reaction (R2) plays a far less significant role in stratospheric chemistry because of the small concentration of NO2 in the upper stratosphere.
The reactions of radicals with NO and NO2 constitute the most studied series of radical-radical reactions [Howard and Smith , 1983] . By examining a series of homologous reactions, insight can often be gained about the reaction mechanism and the potential energy surface. This analysis is greatly enhanced Although these two reactions have been studied extensively (see Tables 2 and 4) , there is still large uncertainty in the rates. There is general agreement on the room temperature rate constant for (R1), but the two direct studies of the temperature dependence below 300 K disagree [Clyne and McDermid, 1975; Lee et al., 1978] . There is little consensus about the value of the room temperature rate constant for (R2). A recent evaluation gives an uncertainty of _+ 300% [DeMore et al., 1992] . The results of the latest direct studies of this reaction differ by more than an order of magnitude [Clyne and Ono, 1982; Husain and Slater, 1980] . Previous attempts to measure these reaction rates have been hindered by poor detection efficiency and complications due to impurities in discharge and photolytic N-atom sources. In these studies we have employed a gas filter scheme that allows for selective resonance fluorescence detection with very high sensitivity. The low wall reactivity of N atoms was exploited to produce a discharge source free of radical impurities. This combination of a clean N-atom source and low detection limits allowed us to use initial radical concentrations more than 1 order of magnitude lower than previous studies without compromising on precision. The 2c• confidence limits (based on precision alone) for all the experiments was less than 3 %.
Experiment
The discharge flow system used in these studies has been described in detail elsewhere [Brune et al., 1983] . Briefly, the reactor is composed of two sections of Pyrex tubing separated by a laser magnetic resonance (LMR) axis not used in this work.
The kinetics were carried out in a 70-cm-long, 25-mm-ID flow tube that is jacketed to allow for chilled or heated fluid to be circulated for thermal control. After the LMR axis the radicals pass into the resonance fluorescence (RF) block, which houses three detection axes. For these experiments the gaps in the LMR and first RF axis were sealed with Pyrex tubes to minimize the radical losses. All reactor surfaces are coated with Teflon. In the determination of the rate constants, NO and NO 2 were added in excess ([NO] Oxygen atoms were detected with a sealed combination O and H lamp, which has been described elsewhere [Brune et al., 1983]. To isolate the oxygen triplet at 1304 • from the hydrogen Ly-ot, a CaF 2 filter was inserted in front of the lamp. A flow of dry N 2 was maintained in the gas filter cell to prevent damage to the MgF 2 windows. The lamp was calibrated by titrating a known density of NO with excess N atoms. Sensitivity of the lamp was 8 x 10 -9 (counts s -I / (atom cm-3)) with background signals typically < 100 counts s -1 giving a detection limit of 3 x 109 atoms cm -3. The N lamp was then calibrated by measuring the N-atom sensitivity relative to the O lamp using the NO titration. The responsivity of this lamp for N was typically 3 x 10 -7 (counts s -1 / (atom cm-3)) with a scattered-light count of < 100 counts s -• resulting in a detection limit of less than 1 x 108 atoms cm -3.
Materials
The following gases were used with their stated purities' He (HP, 99.99%) for bulk flow; He (UHP, 99.999%) and N 2 (UHP, 99.999%) for the discharge source and excess reagent mixtures; He (99.9999%) and N 2 (UHP, 99.999%) for the flowing lamp. All gases were supplied by Matheson except the HP and UHP He and the UHP N2, which were supplied by Northeast Airgas. NO (CP, 99.0%) and NO 2 (99.5%) were provided by Matheson and purified before used as follows: NO was passed through a sodium-hydroxide coated silica (Ascarite) trap and then over potassium hydroxide, which was cooled to -50øC; NO 2 was passed over a trap at -40øC and then collected at -196øC. The condensate was then warmed to -60øC to allow any NO to be pumped off. The NO 2 was then sublimed into the reservoir. NO and NO 2 concentrations in the flow tube were determined by monitoring the rate of pressure drop in reservoirs of known volumes. The NO 2 concentration was corrected for N204 formation using JANAF thermochemical data [Chase et al., 1985] . Because of the low pressures of NO 2 used to make up the reservoirs (<10 torr), this correction was small (<10%).
Data Analysis
The pseudo first order decay rates (ko•bs (x)) were obtained Lee et al. [1978] measured this reaction by both discharge flow and flash photolysis. The rate determined in their flash photolysis study was 50% higher than the rate from discharge flow. In their discharge flow experiment the calculated rate constant was seen to increase slightly with pressure, and this pressure dependence was suggested to explain the difference in the measured rate constants. However, no axial diffusion correction was used in their data analysis of the discharge flow experiments. Correcting their data increases the rate constant and removes the observed pressure dependence. In this work, no statistically significant difference in the calculated bimolecular rate constant was seen for the different pressures once the diffusion correction was applied. The data shown in Figure 2 include experiments done at 1, 2, and 4 torr. Tables 1 and 3. 18,844 It has been noted that the measurement of this rate constant is subject to catalytic interferences from both hydrogen and oxygen [Clyne and McDerrnid, 1975 The temperature dependence of (R1) has recently been the subject of speculation. In a model of the Martian thermosphere, Fox [1993] 
